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INTRODUCTION 


The  design  and  Interferenea  analysis  of  HP 
eonnunleatlon  systcaa  on  Navy  ships  (topslda 
tclaeoanunlcaclont  design)  la  a  eonputatlon- 
ally  conplex  and  tine  consunlng  task.  The 
topside  deelgner  oust  eollocete  high  power¬ 
ed,  frequency  agile,  nerrouband  and  wideband 
HP  trananltters  with  sensitive  receiver 
•yetena  all  sharing  a  very  few  nunber  of 
antennas  nounted  In  a  confined  area  on  a 
ship's  superstructure.  The  Interference 
aaalyate'  task  la  to  predict  the  degree  to 
which  cosite  Interference  prevents  the  eya- 
tene  froa  being  fully  utilised  and  the  de¬ 
gree  of  Interference  degradation. 

The  najor  problea  In  HP  topside  design  is 
eoslte  alectroaagnetlc  Interference  (EMI). 
All  the  transalttera  Interfere,  to  eoae  de¬ 
gree,  with  all  the  receivers  through  the 
couplers,  antennas  end  reflections  froa  the 
superstructure  of  the  ship.  Solutions  to 
the  eoslte  CHI  problea  span  the  dlaenslon  of 
space,  tlae,  and  frequency.  Techniques 
svellable  to  the  designer  to  altlgate  eoslte 
EMI  ere  to;  Increase  received  signal  power; 
change  connectivity;  Increase  coupling  loss 
between  antennas  and  between  antennas  and 
the  reflecting  surface  of  the  ship;  add 
filters;  use  different  aethode  of  coupling; 
reduce  aaxlaua  allowable  transaltter  power; 
decrease  duty  cycles  and  the  Incidence  of 
slaultaneous  transal a  a  1  on . 

There  have  been  aany  prograaa  and  techniques 
developed  over  the  past  decade  to  deal  with 
the  eoslte  EMI  problea.  Previous  progress 
have  evolved  froa  sealaanual  to  highly  auto- 
sated  techniques  [1-3].  However  the  EMI 
problea  has  grown  to  such  an  extent  on  to¬ 
day’s  ships  that  syatea  design  and  analysis 
requires  coaputer  aided  tools.  COEDS  (Coa- 
nunlcatlon  Engineering  Design  Systea)  Is  one 
of  the  tools  thet  hss  been  developed  to  eld 
la  the  topside  design  and  Interference  anal¬ 
ysis  problea. 

COEDS  STRUCTURE 


COEDS  le  an  Interactive  work  station  CAD/CAE 
tool.  The  prlaary  use  for  COEDS  Is  cosite 
interference  enelysls  of  topside  eonaunlee- 
tlon  systeas.  COEDS  consists  of  five  aod- 
ulee:  Systea  Input  (Block  Dlagraa  Editor); 
Design  and  Modification  (Configuration  Data 
Base);  Equlpaant  Data  Base;  Systea  Analysis 
(Interference  Ceaputatlon  engine);  and  Par- 
foraance  Evaluation  ( Poa t processor ) .  The 
COEDS  software  structure  la  shown  In  figure 
1.  This  figure  shows  the  five  nodules  as 
rectangles  with  Interconnecting  lines  repre¬ 
senting  the  data  flow. 

A  connunlcat Ions  engineer  Interacts  with 
COEDS  via  two  of  the  aodulest  the  Block 
Dlagraa  Editor  for  Input  and  the  Postproc¬ 
essor  which  displays  the  output  In  a  variety 
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of  graphical  and  tabular  nodea.  The  Block 
Dlagraa  Editor  la  uaed  to  select  coaaunlca- 
tlon  subsysten  blocks  (trananltters,  receiv¬ 
ers)  for  block  dlagraas  froa  the  Equlpacnt 
Data  Base.  Block  dlagraas  are  stored  In  Che 
Configuration  Data  Base  and  analyzed  In  Che 
Interference  Analysis  Module.  Each  of  these 
software  nodules  la  described  below. 


Systea  Input 

A  eonnunleatlon  engineer  nornally  thinks  In 
terns  of  block  dlagraas.  Therefore  we  de¬ 
signed  Che  user  Input  to  COEDS  to  be  In  Che 
fora  of  equlpaenC  "black  boxes"  which  can  be 
connected  to  foca  a  block  dlagraa.  The 
block  dlagraa  la  drawn  using  a  Block  Dlagraa 
Editor.  EqulpaenC  blocks  are  placed  on  the 
screen  In  the  dlagraa  by  selecting  equlpaenC 
froa  pop  up  windows  by  using  a  souse  for 
pointing  and  selecting.  The  equlpaenC 
blacks  are  connected  exactly  as  Che  signals 
would  flow  froa  block  to  block. 


Using  a  nouse,  the  user  can  add  blocks,  de¬ 
lete  blocks,  change  the  connectivity,  adjust 
equlpaenC  paraneCers,  or  nova  the  blocks 
around  on  the  screen.  An  advantage  In  using 
a  aouse  for  data  entry  Is  In  error  checking 
and  nlnlalzlng  the  possibility  of  Che  user 
entering  erroneous  dsts.  The  user  can  only 
select  Items  froa  the  aenus  and  Che  dace 
base  and  therefore  cannot  enter  erroneous 
data.  After  a  block  dlagraa  la  entered  and 
saved  In  the  Configuration  Data  Base,  COEDS 
autonetlcal ly  generates  all  Che  Inputs  need¬ 
ed  by  the  Interference  Analysis  Module  for 
systea  analysis. 

Design  and  Modification 

The  Design  and  Modification  nodule  scores 
the  users'  designs,  analysis  results,  and 
changes  to  designs  In  a  Configuration  Data 
Base.  The  Configuration  Data  Bass  Is  an 
Increnental  data  base  Chat  aslntalna  a  col¬ 
lection  of  design  states  (Instances  of  s 
block  dlagrsn  and  Interference  analyses). 
This  allows  a  user  to  review  a  design  and 
the  analysis  results  and  coapare  with  ocher 
designs  or  other  versions  of  the  sane 
design. 

Systea  Analysis 

Cosite  Interference  analysis  la  done  using 
batch  prograaa  supplied  by  others,  written 
In  FORTRAN  and  BASIC,  which  were  developed 
prior  to  and  Independently  of  COEDS  (written 
In  Lisp).  These  batch  prograaa  are  UIDEBAND 
(3)  for  Interference  Interactions,  LINCAL 
(A)  for  link  analysis,  and  Antenna  Matching 
13)  for  designing  broadband  antenna  aaCchlng 
networks.  COEDS  had  to  be  designed  to  use 
these  "foreign"  batch  prograaa  as  they  were 
and  also  to  accoanodsts  new  programs  In  the 
future.  To  be  able  to  Incorporate  "foreign" 
batch  prograaa  into  COEDS  regardless  of  Che 
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prograaming  language  and  developnent 
envlronaant,  COEDS  uaca  a  paraar  on  the 
Input  and  output  of  all  thaaa  prograna* 

A  paraar  acta  aa  a  buffer  and  a  tranalator 
between  the  aaln  line  of  COEDS  and  "foreign** 
batch  prograaa  Incorporated  Into  COEDS.  For 
exaapla  noraally  a  card  deck  would  be  re¬ 
quired  ae  Che  Input  to  the  FORTRAN  prograa 
used  In  WIDEBAND  and  Incorporated  In 
COEDS.  However  COEDS  la  an  Interactlva 
■yatea  and  card  decka  arc  not  uaed.  There¬ 
fore  a  paraer  waa  developed  Chat  generated 
an  Input  file  to  WIDEBAND  that  waa  alallar 
Co  Che  Input  froa  a  card  deck.  Alao,  aa  Cha 
ayaccB  la  Interactive  and  la  dealgned  to  run 
with  practically  no  uaer  training  or  lengthy 
Input  from  the  uaer,  then  the  Input  Co  WIDE¬ 
BAND  auat  be  generated  autoaatlcally.  Thla 
la  done  by  the  paraer. 

The  output  froa  WIDEBAND  la  a  FORTRAN  baaed 
file  of  rowa  and  coluana  of  nuabera  which 
are  difficult  Co  read  and  Incerprac.  A 
paraer  waa  uaed  to  aap  the  FORTRAN  output 
Into  a  Llap  readable  fora  which  can  be  uaed 
In  a  poatproceaaor  Co  generate  grapha. 
Ualng  paracra  we  are  able  to  Interface  to 
virtually  any  "foreign"  coda  without  aodlfy- 
Ing  or  rcccatlng  tha  code. 

Equlpaent  Data  Baae 

All  eoaaunlcaclon  equlpaent  uaed  In  a  block 
dlagraa  In  COEDS  auat  appear  In  the  COEDS 
Equlpaent  Data  Baae.  The  Equlpaent  Data 
Baae  atotea  equlpaent  operating  paraaecera 
and  perforaance  degradation  curvea.  Thla 
data  la  uaed  to  act  paraaetera  In  a  block 
dlagraa,  calculate  Interference  levela,  and 
analyxa  ayatca  and  link  perforaance.  How¬ 
ever  the  uaer  auat  alao  be  able  to  view  the 
data  baae  to  aearch  for  plecea  of  equlpaent 
or  to  check  paraaetera  of  aelected  Iteaa. 
In  addition  to  viewing  Che  data  baae,  Che 
uaer  auat  be  able  to  add  apeclal  Iceaa  Co 
the  data  baae  (auch  aa  fllcera  or  couplera) 
which  are  nonacandard  but  are  required  for  a 
particular  dealgn.  The  ueer  Interface  to 
the  data  baae  la  via  a  paraer.  A  paraer  la 
uaed  Co  convert  all  entrlea  In  Che  data  baae 
to  a  Llap  fora  which  can  then  be  proceaaed 
and  dlaplayed  Co  the  uaer. 

Perforaance  Evaluation 

The  purpoae  of  Che  Perforaance  Evaluation 
aodule  (Poacproceaaor)  la  to  organlxe  and 
preaenc  output  data  to  the  uaer  In  a  thought 
enhancing  aanner.  The  data  la  ahown  In  a 
hierarchical  and  graphical  fora.  Thla  for- 
aat,  which  arrangea  data  froa  the  aoat 
general  to  the  aoat  apeclflc,  peralcx  the 
uaer  to  aake  quick  and  accurate  dealgn  decl- 
alona  regarding  waya  to  alclgate  Interfer¬ 
ence  analyala.  The  uaer  aay  rapidly  daclde 
which  data  la  aoat  pertinent  for  Che  par¬ 
ticular  problea  and  will  have  tha  blggeac 
payback  In  aolvlng  an  Interference  problea. 

COSITE  analysis 

Interference  analyala  and  perforaance 
prediction  In  COEDS  la  baaed  on  an  analytic 
Bodel  of  tha  Interferenca  Interactlona  In  a 
coalce  envlronaenc.  Ualng  elchar  the  entire 
Bodel  or  Juat  parca  of  the  aodel  aeparacely 
and  running  the  aodel  In  an  ICeratlva  aan¬ 
ner,  It  la  poaalbla  to  Idantlfy  all  cha 
contrlbutora  to  an  Incarference  problaa. 
Thla  allowa  the  uaer  to  quickly  Identify  tha 


parca  of  a  block  dlagraa  that  auat  La 
changad  In  order  to  achieve  a  dealred  Inter¬ 
ference  aargln. 

The  Interference  Interactlona  uaed  In  cha 
COEDS  Interference  Analyala  aodule  arc: 
Broadband  TrcnaalCter  Nolae,  Spurloua  Eala- 
alona,  Tranaalccar  I  nee raodulac Ion,  Couplet 
Interaodula cion ,  Coupler  Haraonlca,  Coupler 
Croaaaodulatlon,  Receiver  Adjacent  Signal, 
Spurloua  Reaponae,  and  Receiver  lotcraodula- 
clon. 

Coalte  Analyala  Example 

Interference  analyala  and  perforaance  degra¬ 
dation  prediction  la  directed  toward! 
achieving  a  target  ayatea  perforaance  acora 
for  each  vlctla  receiver  la  a  block 
dlagraa.  Tha  ayatea  perforaance  acore  la  a 
probablllatlc  aeaaure  (0-1)  of  achieving  a 
predefined  quality  of  aervlce  (either  bit 
error  race  or  voice  articulation  Index)  la 
Che  preaence  of  coalte  Interference,  aableoc 
nolae,  and  receiver  InCrlnalc  nolae.  Tha 
uaer'a  objective  la  to  reduce  the  coalte 
Interferera  to  a  level  where  they  are  leaa 
Chan  Che  aablenc  nolae  and  tha  recelvar 
nolae.  In  ocher  worda  the  Interferera  ace 
reduced  enough  ao  Chat  the  ayatea  la  not 
Interference  Halted  but  only  Halted  by 
aablent  nolae  and  receiver  nolae. 

An  exaapla  of  a  coalte  Interference  analyala 
haa  been  done  for  an  HF  ayatea  shown  In  fig¬ 
ure  2.  This  HF  ayatea  haa  four  cranaalt- 
Cera,  coupler  and  decoupler,  and  three  an¬ 
tennae.  To  alapllfy  the  exaaple  only  one 
vlctla  receiver  la  ahown.  Additional  vlctla 
recelvera  would  ba  created  In  an  Identical 
aanner  aa  In  tha  exaapla.  Due  to  the  space 
Haicatlona  of  thla  paper  only  a  alngle 
exaaple  of  COEDS  la  shown.  The  purpoae  of 
the  exaaple  la  to  show:  a  typical  COEDS 
Input  fora;  Che  aethod  of  showing  Interfer¬ 
ence  Interactions  and  perforaance  degrada¬ 
tion;  the  acepa  uaed  to  divide  the  analysis 
problea  Into  aanegeable  plecea;  and  the 
Iterative  approach  uaed  In  COEDS  to  Identify 
and  reduca  apeclflc  Interference  Incerac- 
tlona.  The  exaaple  la  for  llluacraclon 
purpoaaa  only  and  la  not  Intended  to  repra- 
aenc  an  actual  ayatea. 

The  exaaple  analyaea  follows  four  steps: 
1.  Adjacent  algnal  analyala  to  detaralna 
alnlauB  transaltter-recelver  frequency  apac- 
Ing;  2.  Inceraodulaclon  analysis  to  dater- 
alns  undesirable  frequency  coablnatlona  and 
aaxlaua  allowable  transalcter  power;  1. 
Frequency  aelecclon  and  aystea  connectivity 
adjuacaenca  In  order  to  alclgate  probleas 
dlacovered  In  Che  flrac  two  stepa;  A.  Re¬ 
ceiver  perforaance  degradation  calculation 
froa  all  ayatea  Interference  Interaction 
aodela.  Becauaa  of  the  ease  of  changing  tha 
ayatea  configuration  and  autoaatlc  changaa 
to  cha  data  base,  the  ayatea  aay  be  changed 
at  any  cine  and  any  step  during  the  analy¬ 
aea.  Rapid  changaa  to  the  aystea  allows  tha 
uaa  of  an  Itaratlve  approach  to  laprove  Cha 
ayatea  until  the  dealred  perforaance  acore 
Is  achieved. 

Tha  reaults  of  the  adjacent  algnal  analysis 
for  the  exaapla  aystea  are  shown  In  flgura 
3.  The  receiver  frequency  Is  shown  dotted 
In  Che  alddla  of  Che  frequency  axla  at  3 
MHx.  The  adjacent  algnala  froa  cranaalcters 
are  ahown  with  antenna  ayabole  ay ana t r 1 ca  1  ly 
apacad  on  each  side  of  Che  receiver  frequen- 
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CJ  at  frequency  apaclngt  of  12. SZ,  15Z  and 
llOZ.  The  vertical  axla  ahowa  the  exceaa 
Interference  level  (EIL)  from  each  adjacent 
•tgnal.  The  exceaa  Interference  la  the 
aaount  by  which  an  Interaction  exceeda  the 
level  required  In  order  to  achieve  a  prede~ 
fined  perfornance  acore.  An  EIL  value  of  0 
dl  or  leaa  la  the  goal  and  would  allow  the 
•yatea  to  aeet  the  uaera  target  perforaance 
•core . 

The  table  below  figure  3  llata  Che  20  moat 
•evere  adjacent  algnal  Interactlona  In  order 
of  decreaalng  EIL.  Each  tranaaltcer  waa 
evaluated  for  receive  adjacent  algnal  (RAS) 
Interference  and  tranaalt  adjacent  algnal 
(TAS)  Interference  at  t ranaal t- re ce 1 ve  fre¬ 
quency  apaclnga  of  ±  2.SZ,  SZ,  and  lOZ. 
Therefore  each  cranaaltter  la  ahown  In  the 
graph  at  aeveral  different  frequenclea.  Aa 
ahown  In  Che  graph  and  In  Che  cable,  Che 
worat  Interferer  la  tranaaltcer  1,  which  la 
ahown  In  the  top  12  entrlea. 

Figure  3  ahowa  chat  aa  Che  t rananl c -rece 1 ver 
frequency  aeparcclon  Increaaea,  Che  adjacent 
algnal  Interference  levela  are  reduced.  To 
reduce  the  adjacent  algnal  Interference  to 
an  EIL  value  of  0  dB  (goal)  without  requir¬ 
ing  exercacly  large  frequency  apaclng,  ei¬ 
ther  the  connectivity  can  be  changed  or  the 
equlpaent  can  be  changed.  For  Che  cxaaple 
we  have  changed  the  method  of  coupling 
tranaaltcer  1  and  receiver  1  (victim  re¬ 
ceiver)  Co  antenna  1  by  adding  two  addi¬ 
tional  couplera.  The  revlaed  ayatem  waa 
entered  Into  COEDS  and  la  ahown  In  figure 
A.  The  effect  of  thla  change  wja  to  reduce 
the  adjacent  algnal  Interference  In  the  vlc- 
tla  receiver.  The  reaulca  are  that  If 
tranaaltcer  1  la  operated  at  a  apaclng 
greater  chan  ISZ  and  the  ocher  tranamltcera 
operated  at  a  apaclng  greater  than  i2.5Z 
from  the  victim  receiver,  then  adjacent 
algnal.  Interference  will  not  Halt  ayatem 
perforaance. 

The  analyala  waa  continued  with  an  Internod- 
ulatlon  aYudy.  The  trananlcter  frequenclea 
were  Initially  aec  at  2.0,  A.S,  6.0  and  2.S 
HHx  for  crananltcera  1-A.  The  receiver  waa 
aet  at  3.0  HHz.  The  Initial  reaulta  ahowed 
that  tranaaltcer  1 n t e rmodu 1  a c 1  on  waa  excea- 
alve  from  crananltcera  2  and  3,  producing  an 
1 n t e rnodu la C 1  on  product  In  the  victim  re¬ 
ceiver  paaaband.  Tranaaltcer  3  frequency 
waa  ahlfted  100  Khz  to  S.9  Mhz  and  the  anal¬ 
yala  redone.  The  reaulc  after  changing  the 
tranaaltcer  frequency  warn  that  all  the  EIL 
valuea  for  tranaaltcer  In t e rmodu 1  a 1 1  on  were 
reduced  to  0  dB  or  leaa  ao  the  ayatem  will 
not  be  modified  further,  aee  figure  S 

An  additional  atep  In  the  analyala  example 
waa  to  Inveaclgate  the  link  range  between 
Che  vlccla  receiver  and  a  remote 
tranaaltcer.  Typically  the  range  la  limited 
by  coalce  Interference,  ambient  nolaa  and 
receiver  Intrinalc  nolae.  The  objective  In 
coalte  analyala  la  to  reduce  the  Incerfcrera 
to  a  level  where  they  do  not  limit  the  link 
range.  Figure  6  ahowa  the  difference  be¬ 
tween  nolae  limited  aervlce  and  Interference 
limited  aervlce.  Figure  6  haa  two  curvea. 
The  top  curve  ehowe  link  range  when  the 
ayatem  la  only  limited  by  ambient  nolae  and 
receiver  nolae.  The  Lu4.t.un  curve  ahown  the 
link  range  when  the  link  la  limited  by 
interference.  The  Interference  limited  caae 
waa  produced  by  aetclng  tranaaltcer  I  opera¬ 
ting  frequency  at  2.5Z  apaclng  from  thm 


victim  receiver.  Thla  apaclng  vlolatea  a 
conatralnc  derived  In  the  adjacent  algnal 
analyala  and  producea  an  exceaa  Interference 
level  of  +6  dB.  The  effect  of  Che  exceaa 
adjacent  algnal  Interference  la  to  reduce 
the  maximum  link  range  by  approximately  30 
Km. 

The  reaulca  of  Che  coalce  Interference 
analyala  ahow  the  user  how  to  chooae  fre¬ 
quenclea,  power,  connectivity,  equlpaent 
paramecera  and  ocher  system  details  to  en¬ 
sure  that  the  system  la  not  constrained  by 
coalce  Interference.  Alternatively  If  a 
ayatem  la  interference  limited  and  cannot  be 
changed,  COEDS  could  be  used  to  calculate 
Che  necessary  received  algnal  power  to  over¬ 
come  Che  Interference  and  achieve  the  de¬ 
sired  performance  score.  An  Increase  In  the 
necessary  received  signal  power  may  be 
translated  directly  to  a  reduction  In  range. 

Another  application  for  COEDS  la  investigat¬ 
ing  the  effect  of  violating  ayatem  design 
constraints.  For  example  one  could  calcu¬ 
late  the  effect  on  a  victim  receiver  of 
Increasing  the  power  of  a  transmiccer  by  10 
dBm  or  operating  a  C r ansml t -rece 1 ve  frequen¬ 
cy  pair  closer  than  the  calculated  minimum 
apaclng.  Other  possibilities  are  to  deter¬ 
mine  the  effect  of  the  VSUR  of  an  antenna  or 
coupler  on  the  system  performance  by  using 
Che  antenna  matching  program  In  COEDS. 

SUMMARY 

COEDS,  is  an  Interactive  CAD/CAE  work  station 
cool.  COEDS  nay  be  used  to  analyze  electro¬ 
magnetic  Interference  (EMI)  In  topside  HF 
communlcaclon  systems  and  nay  be  used  aa  a 
guide  CO  mitigate  coalte  Interference.  An 
example  was  shown  which  demons c ra ted :  a 

system  configuration  can  be  entered  directly 
as  a  block  diagram  using  a  mouae;  user  in¬ 
puts  arc  simple,  constrained  to  menus  and 
data  base  entrlea  so  chat  errors  are  mini¬ 
mized;  all  Inputs  Co  Che  analysis  modules 
are  generated  automatically;  the  system 
configuration  nay  be  easily  changed  and 
quickly  reanalyzed;  Interference  levela  are 
shown  In  graphical  and  tabular  form;  and 
link  range  may  be  calculated  on  the  basis  of 
coslce  EMI.  Some  of  the  key  features  of 
COEDS  are:  the  Block  Diagram  Editor  which 

operates  from  a  mouse  and  an  equipment  data 
base;  a  configuration  data  base  which  scores 
Instances  and  changes  Co  sysce'a  designs;  the 
Integration  of  foreign  batch  programs;  and 
Che  Initial  design  of  a  post  processor  to 
produce  a  "thought  enhancing  output." 
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